The continuous agronomic experiment revealed long-term dynamics of the total humus content and presented a forecast of the change in humus content in typical low humus chernozem under different technologies of tillage till 2050. Aim. To determine the rates of humus accumulation dynamics and mineralization of total humus and to develop the forecast of the change in its content within a continuous agronomic experiment under longstanding application of different technologies of soil tillage to typical low humus chernozem of the Left-Bank Forest-Steppe of Ukraine. Methods. Field, laboratory-analytical, mathematical and statistical. Results. The application of different technologies of tillage to typical low humus chernozem for 42 years resulted only in the delay in dehumi¿ cation processes and some stabilization of humus mineralization, but it did not promote its preservation and extended restoration to the initial level as of the start of the experiment. The increase in the total humus content for simple and extended restoration of humus in the centennial cycle equaled 20-25 t and 30-33 t per 1 ha respectively. To ensure the increase in content and reserves of humus for 42 years, it is necessary to introduce 10-12 t of humus per 1 ha for simple restoration of total humus content and 14-15 t per 1 ha -for extended restoration annually. Conclusions. Simple restoration of humus in typical chernozem may be stated after achieving its actual (2017) content of at least 90 % from the content as of the beginning of the centennial cycle (92 years), which ensures maximal approximation to the non-decreasing cycle of humus dynamics trends in the centennial cycle. If the humus content is ensured in the actual measurement for the level, exceeding 90 % from the initial content, and dynamics trends are growing, one may state the success of achieving the state of extended restoration of humus. The obtained state of simple and extended accumulation of humus is ensured by the positivity of the trends of humus increase during the continuous experiment (42 years) with simultaneous decrease in dehumi¿ cation process in the centennial cycle (92 years) which is impossible to neutralize completely. tion under the impact of anthropogenic burden, chernozem acquires the features of agrophysical degradation [14] . Numerous studies demonstrate active manifestation of dehumi¿ cation during the tillage of chernozems and their further usage in agriculture [15] . The application of fertilizers and different systems of tillage and crop rotations is a powerful factor, impacting the parameters of the humus state of chernozems and the implementation of their potential fertility via its effective form [15, 16] . However, the fertilizers satisfy the needs related to the decrease in humus reserves [13] and humus balance in chernozems while cultivating some crops only by 50-60 %.
INTRODUCTION
Humus content is the most important index of fertility and agroecological state of chernozems. The organic matter de¿ nes its structural-aggregate condition, its physical, chemical, and exchange properties, and is a considerable source of nutrients [1] [2] [3] [4] [5] [6] [7] [8] . Humus ensures the resistance of chernozem to external impact, thus promoting one of the overall functions -its biogenicity [9] [10] [11] [12] [13] . Due to intense processes of humus mineraliza-tion under the impact of anthropogenic burden, chernozem acquires the features of agrophysical degradation [14] . Numerous studies demonstrate active manifestation of dehumi¿ cation during the tillage of chernozems and their further usage in agriculture [15] . The application of fertilizers and different systems of tillage and crop rotations is a powerful factor, impacting the parameters of the humus state of chernozems and the implementation of their potential fertility via its effective form [15, 16] . However, the fertilizers satisfy the needs related to the decrease in humus reserves [13] and humus balance in chernozems while cultivating some crops only by 50-60 %.
Modern studies of humus content dynamics are related to solving rather complicated methodological problems [17] , caused, ¿ rst of all, by the spectrum of chernozem humus, which changes the actual picture of humus dynamics considerably. Therefore, the most signi¿ cant way of solving these issues is a continuous agronomic experiment -the most realistic way of studying the processes of accumulation and mineralization of humus, forecasting the dynamics for the nearest perspective and working out the agrotechnical technologies of regulating it in chernozems.
The mathematical and statistical models have become widely spread recently [18] . It should be noted that the drawback of the suggested models lies in the fact that they do not give an absolutely accurate forecast, the dynamics of humus accumulation or decomposition is a very complicated biochemical process, depending on many factors, which have not been accounted for in the model, and any change in the crop rotation (a set of crops or crop rotation structure, soil tillage, kind of organic fertilizers and their dosage) may lead to the change in a humus state of chernozem. Therefore, periodic study of humus state of chernozems with further correction of the change in coef¿ cients of prognostic equations of humus accumulation or mineralization is required [2, 15] . The work [19] describes the impact of fertilizers on humus dynamics. A relevant task of preserving the fertility of chernozem is forecasting the change in total humus of typical chernozem under longterm application of different technologies of tillage.
The aim of this work is to determine the rates of humus accumulation dynamics and mineralization of total humus and to develop the forecast of the change in its content within a continuous agronomic experiment up to 2050 at the longstanding application of different technologies of soil tillage to typical low humus chernozem of the Left-Bank Forest-Steppe of Ukraine.
MATERIALS AND METHODS
The studies were conducted in conditions of the central part of the Left-Bank Forest-Steppe of Ukraine during a continuous agronomic experiment in the Drabiv experimental ¿ eld of the Cherkasy State Agricultural Experimental Station, NSC "Institute of Agriculture", NAAS of Ukraine. The experiment was located on typical low-humus heavy-clay light loamy chernozem with the humus content of 3.8-4.2 %, the content of mobile phosphorus -12-14 mg per 100 g of soil, and that of mobile potassium -8-10 mg per 100 g of soil, ɪɇ ɫ = 6.8-7.0. The study involved two ¿ ve-¿ eld crop rotations: perennial grasses-winter wheat-sugar beetcorn-barley with some sown grasses (crop rotations: 60 % -grains, 20 % -technical crops, perennial grasses -20 %). Fertilization system (1995-2017): no fertilizers and N 33-66 Ɋ 31-62 Ʉ 41-82 per 1 ha of crop rotation + 6-7 t/ha of by-products. Until 1995 manure was introduced in the amount of 6 t/ha with the similar dose of mineral fertilizers. The technologies of soil tillage in ¿ ve-¿ eld crop rotations: ploughing of different depth for 22-25 cm; subsurface tillage for 22-25 cm; and surface tillage for 10-12 cm. The content of total humus was determined according to I. V. Turin in the modi¿ cation of M. V. Simakov (DSTU 4289:2004) . The content of humus in the humus horizon as of 1925 was studied using the research materials of the Drabiv experimental station, prepared by Kh. G. Zinovieva [20] . Three factors were considered while analyzing the centennial cycle of total humus dynamics: a type of organic fertilizers, a technology of tillage and a crop rotation with perennial grasses.
Forecasting of the change in the humus state of chernozem under different technologies of tillage was conducted for each separate technology of soil tillage. Thus, the impact factor was deemed to be the number of years after 1925 (t 1 = 92) and after the start of the experiment -1975 (t 2 = 42 years). The logarithmic parametric function was selected as a functional dependency: y = Į ± ȕ ln x, where: y -unknown parameter (humus content); Į -coef¿ cient of parametric function; ȕ -coef¿ cient related to the explanatory factor; ln -natural logarithm; x -quantitative characteristic (t -time). The results of ¿ eld studies were statistically processed by the dispersion analysis method (B. O. Dospiekhov, 1985) using Statistica-8 software.
RESULTS OF INVESTIGATIONS
As of 1925, the humus content in chernozems of the Drabiv experimental ¿ eld was 6.49 % while keeping the fallow in the 0-20 cm layer, and 5.12 % -in the LONG-TERM DYNAMICS OF HUMUS CONTENT UNDER DIFFERENT TECHNOLOGIES OF SOIL TILLAGE humus horizon (0-40 cm). There were 4.86 % and 4.56 % in the variant of intense use of chernozem under tillage respectively (Fig. 1, a) .
The decrease in humus content relative to the fallow was 0.63 % and 0.16 %. In 1975 the content of total humus as of the start of the continuous experiment was 3.82-3.96 % (0-20 cm) and 3.65-3.79 % (0-40 cm).
In 50 years , typical chernozems lost 28-30 % and 21-23 % of humus compared to the content in the fallow, and in case of the intense use of chernozem -19-21 % and 18-20 % in the soil layers of 0-20 cm and 0-40 cm respectively.
In 1975 the experiment was started with the purpose of continuous study of the impact of different technologies of chernozem tillage on the change in the humus state (Fig. 1, b) . Until 1995, the gradient of change in the humus content compared to 1925 À uctuated inconsiderably either decreasing or increasing regardless of (Table 1) . Typical chernozem passed from medium-humus gradation into low-humus gradation. Likely this is due to the fact that the dehumi¿ cation passed to relatively quasi-equilibrium state with the formation of humus at a certain level of organics intake into soil and the stability of the fertilization system.
From 1995 till 2017, when by-products were introduced instead of manure, the gradient of humus content under ploughing was 0.13-0.21 % (0-20 cm) and 0.07-0.21 % (0-40 cm), while under systematic application of subsurface tillage in the 0-20 cm soil layer the humus content decreased by 0.07-0.10 %, and by 0.04-0.24 % -in the 0-40 cm of chernozem layer. The regularity, found for the subsurface tillage, was even more manifested under surface tillage.
It was determined that regardless of the technology of tillage, there was further dehumi¿ cation of chernozem, and the decrease in humus content depended on the intensity of tillage. The average estimated annual mineralization of humus for 52 years was in agreement with the found regularity and had the lowest values under surface tillage (0.009-0.01 % per year). Under ploughing, the gradient of change in the humus content in 1975 was negative (-0.51 and -0.38 %); under subsurface tillage the gradient of humus decrease was 3.8-4.6 times lower than that for ploughing, and the surface tillage demonstrated the increase in the humus content by +0.21 and +0.03 %.
Under ploughing, the average estimated mineralization of humus for 42 years was the highest and decreased 3.5-4 times under subsurface tillage; and under surface tillage the annual increase in the humus content was +0.005 and +0.0007 % relative to soil layers. The logarithmic equations of dynamics trends for the total humus for 92 years had a declining character with the reliable level of approximation (R 2 > 0.4) regardless of the technology of chernozem tillage, and the regression coef¿ cients (Cr) for the variable x(t) were negative. Under subsurface tillage, Cr decreased 1.31-1.75 times in the 0-20 soil layer, and 1.43 times in the humus horizon (0-40 cm) which testi¿ es to the decrease in the mineralization rate per one time unit. The estimation of logarithmic equations and trends of declining dynamics of the total humus during the period of studying the ef¿ ciency of different technologies of tillage demonstrated the reliability of the approximation of trends (R 2 > 0.40). Under ploughing in the 0-20 cm chernozem layer, the regression coef¿ cient for the variable x(t) was 3.26 times higher compared to the regression coef¿ cients of the trends for the subsurface tillage, and under surface tillage the regression coef-¿ cient for the variable x was positive and 11-12 times higher, which testi¿ es to the increasing character of the humus accumulation trend.
In the humus horizon (0-40 cm), the trends of humus dynamics had a declining character regardless of the technology of tillage, but under ploughing the value of Cr was 5.5-11 times higher compared to the subsurface and surface technologies of tillage, which testi¿ es to the decrease in the rate of humus mineralization in the latter two cases.
While preserving and restoring the humus in chernozem, a relevant task is to forecast the changes in the humus content under long-term application of different technologies of soil tillage, which is complicated and possible only in conditions of a continuous agronomic experiment. The parametric logarithmic functions were used to estimate the theoretical (forecast) content of total humus in typical chernozem under different variants of chernozem tillage till 2050. The values, obtained about the anticipated humus content, were used to estimate the theoretical (forecast) humus balance relative to 1975 (Fig. 2, a) .
It was established that under systematic ploughing the humus content will decrease in the most intense way compared to subsurface and surface technologies. It is on the highest level in the 0-20 cm chernozem layer. Under ploughing, the regression coef¿ cients for the variable x(t) in the regression equations are 1.35-1.55 times higher compared to the subsurface and surface technologies of tillage. This regularity is less expressed in the humus horizon, but the regression coef¿ cients at x(t) for subsurface tillage are 1.18-1.23 times lower. In all the cases, the regression coef¿ cients were negative, which testi¿ ed to the declining rate of humus accumulation. By the declining trend, the humus content in its absolute manifestation in the 0-20 cm soil layer would be 2.35 % (2025) and 2.11 % (2050) for systematic ploughing; 2.85 % and 2.65 % -for subsurface tillage; 3.15 % and 2.66 % -for surface tillage. The change in the total humus content in the humus horizon (0-40 cm) is subject to the found regularity for the 0-20 cm chernozem layer in accordance to the years of forecasting (2025 and 2050) and the technologies of chernozem tillage (Table 1 has an increasing trend, but regardless of the technology of soil tillage, the humus balance acquires a negative value, and the increase in the intensity of soil tillage (ploughing) increases the de¿ ciency of humus balance, which rises, compared to the subsurface and surface technologies of tillage, 1.55-3.31 times and 1.19-1.31 times higher in the 0-20 cm and 0-40 cm soil layer (Fig. 2, b) .
The increasing character of trends of humus balance is determined by a high rate of humus accumulation in 1975-1995, when manure was introduced as an organic fertilizer (6-7 t/ha). When manure was replaced with by-products, the rate of the increase in the de¿ -ciency of humus balance rose actively, by 2050 they are estimated to reach negative values at the level of -0.29 % for subsurface tillage and the values, exceeding -0.40 %, for systematic ploughing. In general, the estimated trends in humus balance by 2050 are of increasing character, but they are not likely to reach the zero value. By the regression coef¿ cients, the rate of de¿ ciency increase in the humus balance is 1.85-2.0 times more intense for ploughing compared to the subsurface tillage.
Regardless of the fact that for 42 years of experiment, the humus content was not preserved at the initial level (1975), the application of subsurface and surface technologies of tillage promoted the increase in its content in humus horizon compared to the ploughing. In 2017 the content of total humus was determined in different variants of soil tillage. It was determined that the application of subsurface technologies of soil tillage led to considerable slowing down of the dehumi¿ cation processes and resulted in some stabilization of the humus content but did not promote its extended restoration. The increase in the content of total humus was determined only compared to ploughing and the control, where the fertilizers were not introduced. The stabilization of humus content took place in the declining trend compared to the control point of the humus content both in 1925 and in 1975, when the experiment was started. The extended restoration of humus took place while keeping the fallow (+0.022 % a year): for 42 years of keeping the fallow, humus was restored by 95-97 % compared to 1925, and while keeping the fallow for more than 54 years -by 113 % (Fig. 3 ).
There is a logical question -which rate of humus accumulation and increase in humus balance should be ensured to reach the edge of transition from the declining trend to the increasing one? The evaluation demonstrated ( Table 2 ) that in 2017 it was necessary to ensure 4.41-4.43 % humus content in the 0-20 cm of soil layer and 4.18-4.23 % -in the humus horizon. It was determined that to reach the level of transition to the increasing trend of humus accumulation, one should reach the 4.65-4.67 % humus content in the 0-40 cm chernozem layer for ploughing and 4.39-4.41 % -for subsurface tillage. Therefore, it is necessary to ensure the increase in the humus content by 11.6-11.9 % and 16.4-17.9 % for ploughing; 12.8-12.9 % and 15.8-20.9 % for subsurface tillage and 13.3-13.4 % and 19.7 % for surface tillage, relative to the level of restoration of fertility and soil layers. In case of such provision of the humus content, the average estimated mineralization of humus Note. *R 2 -value of approximation reliability; **0.46*Coef.var,% -approximation curve deviation; ***I f -indicator of fractality; ****FR -fractal dimensionality: (FR= 1 -|I f |), [23] .
LONG-TERM DYNAMICS OF HUMUS CONTENT UNDER DIFFERENT TECHNOLOGIES OF SOIL TILLAGE
in the 92-year-long cycle should be 0.0036-0.0049 %, and the increase in the humus content in the 42-yearold cycle -0.00112-0.0124 % a year.
The increasing trend of humus accumulation in the 92-year-long cycle is ensured at the background of average estimated mineralization of humus in the range of 0.0016-0.0021 %, which is 2.25-2.33 times lower than the variant of approximation to the conditions of the increasing trend and 7.3-7.5 times lower than the actual mineralization for 1975-2017.
The forecast and estimation of the behavior of the dynamic soil system include the evaluation and assessment of fractal dimensionality of time series of integral soil parameters, which may involve the dynamics of total humus and fertility of chernozems in agroecosystems. The determination of fractal dimensionality of time series of linear systems is based on the change in the curve length depending on the scale. If the curve is estimated as a fractal one, the length of the curve will increase with the decrease of the scale in an exponential way [21] [22] [23] [24] .
The analysis of statistical parameters and fractal dimensionality of the trends of time series of humus in the centennial cycle depending on the technology of soil tillage and according to actual and prognostic indices demonstrated ( Table 3) The estimation of fractal dimensionality (FR) demonstrated [23] that FR values correspond to the stability interval of the declining development of the soil system (FR=1.01-1.41) regardless of the technology of soil tillage. If the value of FR < 1.5, the impact of factors, forming the declining trend of the humus state of chernozem, will take place steadily in future without any changes and the applied agrotechnical measures (introduction of fertilizers, type of crop rotation, technology of soil tillage, sowing of perennial grasses) will not be able to correct the declining dynamics of humus in the centennial cycles. It is only possible to have the correcting impact, capable of restraining the progressing dehumi¿ cation of chernozems in agroecosystems to some degree ( Table 3 ).
The value of FR indicates stable dehumi¿ cation of chernozem after its removal from the quasi-equilibrium state of the virgin ¿ eld of long-term fallow, thus, one should accept the thought that the process of chernozem dehumi¿ cation in the agroecosystem is a permanent and time-wise steady process, a necessary "evil" which makes it possible to grow crops in the agroecosystems.
The equations of trends (y=ae -bx ) of the declining dynamics of humus content, depending on time under different technologies of tillage, both actual and anticipated ones, differed in the value of the free member (ɚ = 4.25-5.61) and the degree index (ɜ=-0.014÷-0.061), which impacted the value of I f . However, the value of FR was in a narrow range of values (FR = = 1.01-1.07), which testi¿ ed to the proximity of the declining dynamics of humus regardless of the technology of chernozem tillage in the centennial cycle ( Table 3 ).
The simulated trends of time series of total humus, which correspond to the approximation to the simple restoration of fertility in the centennial cycle, are achieved in case when the regression coef¿ cients in the exponential equations with the variable (ɚ*ɟ bɯ ) are positive. Under soil-protective technologies, the values of regression coef¿ cients increase 1.9-2.3 times compared to ploughing. Here I f acquires positive values regardless of the technologies of soil tillage, and under the impact of agrotechnical measures chernozem as a system comes to the stable process of increasing humus-formation in time ( Table 3 ).
The estimates demonstrated that the increase in the content of total humus, which would be required for simple and extended restoration of humus in the centennial cycle, equaled 25-30 t per 1 ha and 35-40 t per 1 ha respectively. To ensure this increase in the content and reserves of humus for 42 years, it is necessary to introduce 15-18 t of manure per 1 ha for simple restoration of total humus content and 18-20 t per 1 hafor extended restoration annually. In case of replacing manure with by-products, the standardized dose of ma-nure (coef¿ cient 3.5) by the yield of straw is 15-18 t per 1 ha and 18-20 t per 1 ha annually, which is actually impossible in modern industrial conditions. Discussion of results. Achieving the state of simple and extended accumulation of humus is ensured by the positivity of the trends of humus increase during the continuous experiment (42 years) with simultaneous decrease in dehumi¿ cation process in the centennial cycle (92 years) which is impossible to neutralize completely. Under the impact of the increasing economic activity of humans involving the use of chernozems, there is a stage in the centennial cycle when its development is directed towards mitigating elementary processes of soil formation, which is related to the development of the processes of dehumi¿ cation and agrophysical degradation, and, as a result, the decrease in the level of natural and ef¿ cient fertility of chernozems in the conditions of natural-anthropogenic soil formation.
The intense use of chernozem (ploughing for over 75-100 years) promotes the decrease in the content of total humus the most, but a sharp decrease in the humus content takes place only during the ¿ rst 25-30 years after ploughing the fallow and virgin ¿ elds. With further "improvement" of chernozems, the processes of humus formation-decomposition get stabilized, whereas with high culture of arable farming the mineralization of humus is somewhat restrained, but here the type of humus formation remains extensive and declining by its trend in the centennial cycle.
Among different components of organic matter of chernozem, detritus is paid special attention, as its amount is directly related to the increase in the content and reserves of total humus [25] . Detritus is capable of accumulating newly formed humus substances and peculiar humic substances (PHS) on its surface, which testi¿ es to its relevant role in improving the agrophysical properties of chernozem. Under ploughing for over 75-100 years, the content of detritus was 28-30 % from the total reserves of humus, and its highest amount was formed in places of localization of afterharvest, root remains and manure, i.e. in the lower part of the humus horizon. Under longterm (over 40 years) subsurface tillage, the reserves of detritus in the humus horizon were 1.16-1.4 times higher compared to the long-term ploughing, and the most considerable accumulation of detritus took place in the 0-20 cm soil layer, where the total reserves of detritus increased up to 35-38 % from the reserves of the total humus, which is con¿ rmed by the data of other researchers, proving that the content of detritus in the total humus is from 35 % to 40 %, and exceeds 40 % in the virgin analogues of chernozems [26] .
Detritus is the least stable component of the organic matter, the amount of which in the intensively tilled chernozems decreases due to the impairment of the mutual compensation of the conditions of transforming organic residues and forming humus, which is related to the change in the quantitative and qualitative composition of humus. Under systematic implementation of soil-protective technologies, there is acceleration of the processes of soil formation -the humi¿ cation coef¿ -cients of organic matter increase by 12-15 % compared to ploughing. Their highest number was formed for subsurface tillage at different depths: total reserves in the 0-20 cm soil layer were 2.8-3.3 times higher, and in the variant of subsurface tillage for 10-12 cm -2.6-2.7 times higher compared to the systematic ploughing.
In case of tillage minimization, there was differentiation of the content of active forms of humus in the humus horizon of chernozem, whereas under ploughing the differentiation was manifested inconsiderably. Under subsurface tillage for 10-12 cm, the reserves of active forms of humus in the 0-20 cm soil layer reached 58-60 % of the total reserves in the 0-40 cm layer, whereas under ploughing -40-44 %, and under subsurface tillage at different depth -52-53 %. The redistribution of active forms of humus in the humus horizon of chernozem was remarkable for all the variants of chernozem tillage, and the variants differed in the degree of differentiation manifestation within the humus horizon. The restoration of differentiation by the content of active humus is a natural process of soil formation in agroecosystems and it should be stimulated by the soil-protective system of tillage instead of being ruined by ploughing.
The change in the ratio of humus components in chernozem under the impact of soil-protective systems of tillage is related to the increase in the reserves of total humus in the humus horizon of chernozem. Under systematic ploughing, with the introduction of a suf-¿ cient amount of mineral and organic fertilizers, the reserves of humus were smaller compared to the variants, where the subsurface tillage was conducted. Taking into account the fact that in all the variants PHS were in the same amount, the increase in the reserves of total humus took place due to the accumulation of detritus, and the ratio of PHS reserves and the detritus reserves under surface tillage was smaller (1.83-1.91 to 1), whereas under subsurface tillage at diffe-rent depth and ploughing the ratio was getting broader. While keeping the fallow, the ratio of the reserves of PHS and the reserves of detritus was stable at the level of 1.65-1.75 to 1.
The systematic implementation of soil-protective technologies in the crop rotation, based on subsurface tillage and covering the surface with manure, afterharvest and root remains, somehow restores the chernozem process of soil formation, which is manifested in the accumulation of detritus, active (newly formed) forms of humus in the organic matter and in the increase of total reserves of humus. The intensive cultivation (tillage) of chernozem promoted the increase in the content of active forms of humus due to biological transformation of some passive humus into its active form: humus got renewed due to the mineralization of PHS, which was related to the decrease in its content and reserves in the centennial cycle. The application of the soil protective tillage of chernozem for 42 years resulted only in the delay in dehumi¿ cation processes and some stabilization of humus mineralization, but it did not promote its preservation and extended restoration to the initial level as of the moment of starting the experiment and in the centennial cycle. The increase in the humus content took place compared to ploughing and control variant without fertilizers and with their introduction, but it is not enough for the restoration of humus in the centennial cycle. The application of soil restoring measures (subsurface tillage, fertilizers, manure, straw, grasses) should be viewed as stabilizing measures in the centennial process of chernozem dehumi¿ cation.
CONCLUSIONS
The estimation of the humus state of typical low humus chernozem was used to determine that under different systems of tillage the level of humus supply changes the most in the ¿ rst years after the beginning of the mentioned actions, then the humus content stabilizes and changes very slowly time-wise due to the transition of humus formation processes into the quasiequilibrium state with degradation phenomena.
The application of different technologies of tillage to typical low humus chernozem for 42 years resulted only in the delay in dehumi¿ cation processes and some stabilization of humus mineralization, but it did not promote its preservation and extended restoration to the initial level as of the moment of starting the experiment. The increase in the humus content under different technologies of tillage took place compared to ploughing and the control variant without any fertilizers.
To ensure simple and extended restoration of humus in the centennial cycle, it is necessary to introduce 10-12 t of manure per 1 ha for simple restoration of total humus content and 14-15 t per 1 ha -for extended restoration annually. In case of replacing manure with by-products, the standardized dose of manure (coef¿ -cient 3.5) by the yield of straw is 10-12 t per 1 ha and 14-16 t per 1 ha annually, which is actually impossible in industrial conditions.
Simple restoration of humus in typical chernozem may be stated after achieving its actual (2017) content of at least 90 % from the content as of the beginning of the centennial cycle (92 years), which ensures maximal approximation to the non-decreasing cycle of humus dynamics trends in the centennial cycle. If the humus content is ensured in the actual measurement for the level, exceeding 90 % from the initial content, and dynamics trends are growing, one may state achieving the state of extended restoration of humus. e-mail: smilachiapv@ukr.net 2 ɇɇɐ «ȱɧɫɬɢɬɭɬ ɡɟɦɥɟɪɨɛɫɬɜɚ ɇȺȺɇ», ȼɭɥ. Ɇɚɲɢɧɨɛɭɞɿɜɧɢɤɿɜ, 2-ɛ, ɫɦɬ ɑɚɛɚɧɢ, Ʉɢɽɜɨ-ɋɜɹɬɨɲɢɧɫɶɤɢɣ ɪ-ɧ, Ʉɢʀɜɫɶɤɚ ɨɛɥ. e-mail iznaan@ukr.net 3 ɇɇɐ «ȱɧɫɬɢɬɭɬ ʉɪɭɧɬɨɡɧɚɜɫɬɜɚ ɬɚ ɚɝɪɨɯɿɦɿʀ ɿɦɟɧɿ Ɉ.ɇ. ɋɨɤɨɥɨɜɫɶɤɨɝɨ», ɏɚɪɤɿɜ, ȼɭɥ.ɑɚɣɤɨɜɫɶɤɨɝɨ,4, ɏɚɪɤɿɜ, ɍɤɪɚʀɧɚ,61024; e-mail: agrovisnyk@ukr.net ɍ ɬɪɢɜɚɥɨɦɭ ɫɬɚɰɿɨɧɚɪɧɨɦɭ ɞɨɫɥɿɞɿ ɜɢɹɜɥɟɧɨ ɛɚɝɚɬɨ-ɪɿɱɧɭ ɞɢɧɚɦɿɤɭ ɜɦɿɫɬɭ ɡɚɝɚɥɶɧɨɝɨ ɝɭɦɭɫɭ ɿ ɞɚɧɨ ɩɪɨ-ɝɧɨɡ ɡɦɿɧɢ ɜɦɿɫɬɭ ɝɭɦɭɫɭ ɜ ɱɨɪɧɨɡɟɦɿ ɬɢɩɨɜɨɦɭ ɦɚɥɨɝɭɦɭɫɧɨɦɭ ɡɚ ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɿɬɤɭ ɞɨ 2050 ɪɨɤɭ. Ɇɟɬɚ. ȼɢɡɧɚɱɢɬɢ ɬɟɦɩɢ ɞɢɧɚɦɿɤɢ ɧɚɤɨɩɢɱɟɧɧɹ ɝɭɦɭɫɭ ɿ ɦɿɧɟɪɚɥɿɡɚɰɿʀ ɡɚɝɚɥɶɧɨɝɨ ɝɭɦɭɫɭ ɬɚ ɪɨɡɪɨɛɢ-ɬɢ ɩɪɨɝɧɨɡ ɡɦɿɧɢ ɣɨɝɨ ɜɦɿɫɬɭ ɜ ɞɨɜɝɨɫɬɪɨɤɨɜɨɦɭ ɫɬɚ-ɰɿɨɧɚɪɧɨɦɭ ɩɨɥɶɨɜɨɦɭ ɞɨɫɥɿɞɿ ɡɚ ɬɪɢɜɚɥɨɝɨ ɡɚɫɬɨɫɭ-ɜɚɧɧɹ ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɿɬɤɭ ʉɪɭɧɬɭ ɱɨɪɧɨɡɟɦɭ ɬɢ-ɩɨɜɨɝɨ ɦɚɥɨɝɭɦɭɫɧɨɝɨ ɥɿɜɨɛɟɪɟɠɧɨɝɨ Ʌɿɫɨɫɬɟɩɭ ɍɤɪɚʀɧɢ. Ɇɟɬɨɞɢ. ɉɨɥɶɨɜɢɣ, ɥɚɛɨɪɚɬɨɪɧɨ-ɚɧɚɥɿɬɢɱɧɢɣ, ɦɚɬɟɦɚ-ɬɢɱɧɢɣ ɬɚ ɫɬɚɬɢɫɬɢɱɧɢɣ. Ɋɟɡɭɥɶɬɚɬɢ. Ɂɚɫɬɨɫɭɜɚɧɧɹ ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɿɬɤɭ ɱɨɪɧɨɡɟɦɭ ɬɢɩɨɜɨɝɨ ɦɚɥɨ-ɝɭɦɭɫɧɨɝɨ ɜɩɪɨɞɨɜɠ 42 ɪɨɤɿɜ ɩɪɢɡɜɟɥɨ ɥɢɲɟ ɞɨ ɡɚɬ-ɪɢɦɤɢ ɩɪɨɰɟɫɿɜ ɞɟɝɭɦɿɮɿɤɚɰɿʀ ɿ ɜ ɩɟɜɧɿɣ ɦɿɪɿ ɫɬɚɛɿɥɿɡɭ-ɜɚɥɨ ɦɿɧɟɪɚɥɿɡɚɰɿɸ ɝɭɦɭɫɭ, ɚɥɟ ɧɟ ɫɩɪɢɹɥɨ ɣɨɝɨ
